Epidemiologic study has suggested that arsenic exposure is positively related to increased blood pressure. However, the underlying mechanism concerning interaction between genetic polymorphisms and arsenic exposure remains unclear. In present study, within 395 Chinese, the effects of interaction between arsenic exposure and CCM3 gene polymorphisms on elevation of blood pressure were probed by multiple Logistic regression models after adjusting for confounding factors. Firstly, we found that serum arsenic was positively associated with blood pressure, cholesterol, glucose and C-reactive protein. Then, adjusted for confounding factors of age, gender, smoking, alcohol consumption, BMI and degree of education, arsenic exposure incurred the hazard of increased systolic pressure and diastolic pressure, with odds ratios (ORs) being 1.725 and 1.425, respectively. Distinctly, we found that interactions between rs3804610 * rs9818496, rs6784267 * rs9818496, and rs3804610 * rs6784267 variant genotype can increase significantly risks of SBP. Additionally, interactions between rs9818496, rs3804610 and rs6784267 genotypic variantions and arsenic exposure boosted the hazard of increased systolic pressure, with ORs being 1.496, 1.496 and 1.312. In conclusion, our fingdings suggest that As exposure of population can assist CCM3 polymorphism in elevating SBP.
INTRODUCTION
Cardiovascular disease (CVD) is a major cause of death worldwide and a lot of evidence indicates that environmental toxicant exposures can deeply influence on CVD risk. Arsenic (As) is widespread in the environment, studies showed that As exposure was associated with elevated risks of CVD, even at lower levels of exposure (<100 μg/L) [1] [2] [3] . The legal limits in China on arsenic threshold was 10 μg/L, and it is recognized that exposure to arsenic levels greater than 50 μg/L in drinking water is considered high, whereas exposure to arsenic level less than 50 μg/L in drinking water is considered low to moderate. Recent study has linked arsenic exposure to increased preclinical indicators of CVD risk, including carotid intima media thickness, hypertension, and plasma markers of oxidative stress and endothelial dysfunction [4] [5] [6] [7] . Hypertension can cause a series of health problems including heart failure, peripheral vascular disease, renal impairment and visual impairment through damage to endothelial cells. Recently, prehypertension was considered to be a risk factor for hypertension and CVD development [8] . High blood pressure (BP) is a primary risk factor for cerebrovascular disease and coronary heart disease. High BP contributes to about 7.5 million deaths every year worldwide. Several epidemiologic studies have found increased prevalence of hypertension or increased systolic and diastolic blood pressure levels among residents whose water supply has high level of arsenic (>100 μg/L) [1, 4, 6, 9, 10] .
However, whether genetic polymorphism has influence over the relationship between As exposure and BP remains to be investigated. Exposure to arsenic increases BP by influencing cellular pathways and mechanisms [1, 6] , and it can also induce oxidative stress, inflammatory responses, endothelial NO production, and alter gene expression [11] [12] [13] . As exposure has also been related to increases endothelial dysfunction [5, 14] which may increase the risk of hypertension, atherosclerosis and other CVDs. Recent study supported that the interaction between As exposure and ICAM1(intercellular adhesion molecule-1), VCAM1(vascular cell adhesion molecule-1), and CYBA can influence the risk of CVD [7, 15, 16] . Cerebral cavernous malformations (CCMs) are vascular lesions characterized by abnormally enlarged capillary cavities, affecting the central nervous system. CCMs can be attributed to mutations in three different genes: CCM1, CCM2, and CCM3. CCM3 is also referred to as programmed cell death 10 (PDCD10) owing to the proapoptotic role in vitro. CCM3 is broadly expressed, including in neuronal and endothelial cells [17, 18] . CCM3 is an adaptor protein that can bind to a variety of proteins and protein complexes [19] , which involved in cell to cell adhesion such as paxillin [20] . CCM3 can also bind to the germinal center kinase III (GCKIII) family of protein kinases, which is important to vascular development and for cell survival after oxidative stress [21] . CCM3 also plays a fundamental role in vascular development and angiogenesis. Endothelia-specific deletion of CCM3 in mice led to embryo death caused by angiogenesis defects and disruption of vascular integrity [22] . Cardiac and cranial vascular defects were also found in CCM3-deficient zebrafish [23] .These data indicated that CCM3-deficiency impairs vascular development/ maturation. Genetic polymorphisms of CCM3 could influence cardiovascular-related physiological responses. However, the roles of CCM3 genetic polymorphisms on the relationship between As-exposure and increased BP are still poorly understood.
To test the hypothesis, we examined first the effects of As exposure on the indicators of CVD in two cohorts with different exposure level. Then, to investigate underlying effects of interaction between arsenic exposure and CCM3 polymorphisms, we conducted analyses of multiple Logistic regression to select and adjust the risk factors of high BP. Our analyses revealed interactions between CCM3 polymorphisms and arsenic exposure boosted the hazards of increased systolic pressure in south chinese, and our results demonstrate that arsenic exposure assist CCM3 polymorphisms in elevating blood pressure.
RESULTS
Arsenic exposure increased early risk markers of cardiovascular disease in south chinese population
As shown in Table 1 , the > 4 μg/L blood As group has much higher Urinary As, but there was no significant difference between them (p> 0.05). 0-4 μg/L blood As group was matched with > 4 μg/L blood As group in terms of age, gender, body mass index (BMI), smoking status, drinking status, and education (all p> 0.05). The > 4 μg/L blood As group has much higher Systolic blood-pressure, Diastolic blood-pressure, Blood sugar, Cholesterol, C-reactive protein than 0-4 μg/L As blood group (all p< 0.05).
Predictors of increased SBP or DBP
Multivariate Logistic regression analysis was conducted by setting blood pressure as the dependent variable, and setting blood arsenic and urinary arsenic exposure, CCM3 gene polymorphism rs9818496, rs3804610, and rs6784267 as independent variables. After adjusting for age, gender, smoking, alcohol consumption, BMI and degree of education, the results showed that >4 μg/L of blood arsenic group had 1.725 (95%CI: 1.112-2.667) and 1.425 (95%CI: 1.012-2.161)-fold higher risk of SBP and DBP than 0-4 μg/L of blood arsenic group, respectively, but the urinary arsenic was not the risk factor. BMI (18.5-25) and higher education level were the protective factors respectively for SBP and DBP, the OR were 0.601(95% CI: 0.358~0.983) and 0.592 (95% CI: 0.387~0.906) respectively,as shown in Table 2 .
CCM3 polymorphisms evelate BP in interactive manner
Firstly, to identify whether CCM3 polymorphism has roles in increased BP, we conducted a multivariate Logistic regression analysis. Here, blood pressure was setted as the dependent variable, with CCM3 polymorphism rs9818496, rs3804610, and rs6784267 being setted as independent variables. After adjusting for the confunding factors of blood arsenic and urinary arsenic, age, gender, smoking, alcohol consumption, BMI and degree of education, with P<0.05 as significant www.impactjournals.com/oncotarget level, CCM3 polymorphism were not found to be associated to SBP or DBP. The detailed results were shown in Table 2 .
Further, to investigate effects of interactions of CCM3 polymorphisms on blood pressure, we conducted multivariate Logistic regression analyses. Similarly, blood pressure was setted as the dependent variable, with CCM3 rs3804610 * rs9818496, rs6784267 * rs9818496, and rs3804610 * rs6784267 variant genotype being setted as independent variables. After adjusting for the confunding factors, we found that interactions between rs3804610 * rs9818496, rs6784267 * rs9818496, and rs3804610 * rs6784267 variant genotype can increase significantly risks of SBP. The ORs values were detailed in Table 3 .
Thus, resultant findings showed that CCM3 did not indenpendtly influence the blood pressures, but elevate the blood pressures in interactive manner.
CCM3 polymorphism assists as exposure in elevating blood pressure
Eventually, we analyzed the effects of interactions between CCM3 polymorphisms and As exposure on the increased blood pressures in analogous way. Notely, rs9818496, rs3804610, and rs6784267 variant genotype with > 4 μg/L blood As significantly increased risk of SBP, with ORs being 1.496 (95% CI: 1.149~1.947), 1.496 (95% CI: 1.149~1.947) and 1.312 (95% CI: 1.081~1.593).
The detailed results were shown in Table 4 . These results suggested that As exposureof population can assist CCM3 polymorphism in elevating blood pressures.
DISCUSSION
Many prospective studies have confirmed a strong association between BP levels and risk of CVD [24, 25]. A number of study reported that the prevalence of hypertension was positively related to As exposure [26] [27] [28] [29] [30] [31] . In a prospective study, maternal urinary arsenic during pregnancy was correlated with BP in children at 4.5 years of age [32] . In this work, we investigated the influences of interactions of CCM3 polymorphisms and with As exposures on the blood pressures in south chinese. We found that, besides interactions of genetic polymorphisms implicating in the processes of increased blood pressures, CCM3 contributed to increased blood pressures through assisting the effects of As exposure. In our study, participants with >4μg/L blood [34] . However, our results showed that the urinary arsenic is not the more sensitive marker in our study, but the blood arsenic is can increase the risk of blood pressure. This may be due to the arsenic in blood is recent arsenic exposure markers and the urinary arsenic is long-term arsenic level, but the change of blood pressure is very sensitive in influence factor. Arsenic exposure has been correlated to increased inflammation and endothelial damage [5, 14, 35] , suggesting that arsenic may play partly by inducing endothelial dysfunction, atherosclerosis, and pathologic vascular remodeling. In our study, we found that arsenic was positively association with cholesterol, glucose and C-reactive protein (CRP), consistently with previous study. CCM3 plays a fundamental role in vascular development, and CCM3 is an adaptor protein that can bind to a variety of proteins and protein complexes to regulate many important cell processes such as cell survival and cell death after oxidative stress [19, 20, 36] .In our previous work, we found that arsenic alters the expression of miR-425-5p and its target, CCM3 in vitro and in vivo, which leads to arsenic-induced antiangiogenesis in HUVECs. These findings suggested that CCM3 participate in arsenic induced vascular cell development and endothelial dysfunction [37] . In this work, we investigated the association between CCM3 3 SNPs and BP change, and found that alone SNP did not increased the risk of SBP and DBP, but interactions between rs3804610 * rs9818496, rs6784267 * rs9818496, and rs3804610 * rs6784267 variant genotype increased the risk of SBP, and the interactions between rs9818496 and rs3804610 variant genotype with >4 μg/L As level significantly increased risk of SBP. Therefore, CCM3 may represent a novel susceptibility gene for hypertension in population with arsenic exposure. The variant genotype of CCM3 may impair vascular development and CCM3 is an adaptor protein which is regulated by stimulation, such as arsenic, so the mutation of CCM3 can influence vessel function and increase the risk of blood pressure, but the detailed molecular mechanism is not well understood. We need demonstrate the mechanism and find more related SNPs of CCM3 in arsenic exposure population in the further.
The strength of this study includes the low prevalence of hypertension medication in the population, so we were able to estimate BP changes in the relative absence of intervention. Furthermore, we assessed the interaction between As exposure and CCM3 genetic polymorphisms on blood pressure. It is an advantage in the ethnic homogeneity of the population, as it reduces bias from population stratification. On the other hand, our study also has limitations. First, our study is a crosssectional study in which we measured blood arsenic, blood pressure, and preclinical indicators of CVD at the same time and it is not possible to determine whether differences in blood pressure and preclinical indicators of CVD followed arsenic exposures. Our subject is primarily middle-age males, which may limit generalizability of study findings. Second, likely other genes or SNPs play a role in increasing BP and that other genetic polymorphisms may interact with As exposure. Third, other risk factors, such as physical exercise and nutrition et al, could have potential impacts on blood pressure across life. Considerration of these factors, we included smoking status in our model as a possible confound factor. We left aside dietary factors such as high-fat diet or sodium intake in this study, because other studies have indicated that although these factors are associated with increases in BP, arsenic cannot interplay with dietary factors to raise longitudinal blood pressure in this population [38] . Fourth, our subject is different from elsewhere Chinese population and may have varied underlying risk factors that could influence blood pressure changes, such as diverse lifestyle, dietary styles and other surrounding factors. Despite these differences, serious of studies have argued that arsenic exposure play an important role in incidence and mortality of CVD, as well as blood pressure changes in populations.
In Conclusion, our fingdings suggest that As exposure of population can assist CCM3 polymorphism in elevating SBP. Our findings support the concept that genetic variants by themselves may not substantially influence disease risk, but in concert with environmental exposures, they may increase the risk of disease.
MATERIALS AND METHODS

Study design and participants
The present study was approved by Medical Ethics Committees of Sun Yat-sen University and this study was conducted in accordance with the guidelines of Medical Ethics Committees. Between April 2013 and October 2014, we selected 395 participants from electronic product workers in Zhongshan (Guangdong, China). These individuals met the following inclusion criteria [39] : 1) without any self-reported diseases, such as cardiopulmonary diseases, chronic inflammation, kidney diseases, and cancers; 2) without any selfreported medication use in the preceding three months; 3) without any significant changes in their occupational experiences, living environment, and lifestyle (such as smoking and drinking) in the past one year; 4) can provide enough biological materials for measurement of SNPs and blood arsenic. After written informed consent was obtained from each participant, trained interviewers performed a questionnaire to collect personal information such as general characteristics, lifestyle, medical history, medication usage, occupational, and environmental exposure experiences. After physical examination, each participant donated and about 2 mL EDTA anti-coagulated overnight fasting venous blood.
Measurement of blood and urine arsenic and CCM3 single nucleotide polymorphisms (SNPs)
Venous whole blood samples collected at baseline were analyzed for arsenic concentration by inductively coupled plasma mass spectrometry (ICP-MS). The urinary samples were analyzed for arsenic concentration by hydride generation atomic flurescence spectrometry. Any DNA samples with a concentration < 40 ng/μL, and a 260 nm/280 nm ratio outside of the range of < 1.6 to ≥ 2.1 (measured by eppendorf) were excluded. Genotyping of rs9818496, rs3804610, and rs6784267 was performed using imLDR method by Shanghai Tian Hao Biological Science and Technology Co., Ltd (Shanghai, China).
Statistical analysis
We conducted data analysis using SPSS, version 13.0 (SPSS Inc., Chicago, IL, USA). We first performed descriptive analysis to compare the distribution of demographic between low As level and high As level, using Chi-square tests for categorical and student's t-test for continuous variables, respectively. Statistical significance refers to p<0.05. In logistic regression analysis, participants were categorized according to baseline SBP (i.e. <120 mm Hg, normal or ≥120 mm Hg, pre-hypertensive to hypertensive) and by baseline DBP (i.e. <80 mm Hg, normal or ≥80 mm Hg, pre-hypertensive to hypertensive). In dominant genetic models, mutation genotypes CT/TT (CT/CC) were intergrited and compared to wild genotype CC (TT).
We performed multiple Logistic regression models to evaluate the odds ratio (OR) and the 95% confidence interval (95% CI) of the risk of BP change of blood As levels and 3 SNPs after adjustment for the confounders including age, gender, body mass index, smoking status, drinking status, education level, blood sugar, cholesterol, low density lipoprotein, high density lipoprotein, triglyceride, C-reactive protein.
For the interaction effect of two genetic variant, we used Logistic regression multiplicative model to estimate the odds ratio (OR) and the 95% confidence interval (95%CI) of the risk of BP change by differ genotypes with adjustment for potential confounders.
For the interaction effect of blood As levels and a genetic variant, we used Logistic regression multiplicative model to estimate the odds ratio (OR) and the 95% confidence interval (95% CI) of the risk of BP change by two of blood As levels and differ genotypes with adjustment for potential confounders.
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